Background: Military service is associated with smoking initiation, but U.S. veterans are also eligible for special social, financial, and healthcare benefits, which are associated with smoking cessation. A key public health question is how these offsetting pathways affect health disparities; we assessed the net effects of military service on later life pulmonary function among Korean War era veterans by childhood socio-economic status (cSES). Methods: Data came from U.S.-born male Korean War era veteran (service: 1950-1954) and non-veteran participants in the observational U.S. Health and Retirement Study who were alive in 2010 (average age = 78). Veterans (N = 203) and non-veterans (N = 195) were exactly matched using coarsened exact matching on birth year, race, coarsened height, birthplace, childhood health, and parental and childhood smoking. Results were evaluated by cSES (defined as maternal education <8 yr/unknown or ≥8 yr), in predicting lung function, as assessed by peak expiratory flow (PEF), measured in 2008 or 2010. Findings: While there was little overall association between veterans and PEF [β = 12.8 L/min; 95% confidence interval (CI): (−12.1, 37.7); p = 0.314; average non-veteran PEF = 379 L/min], low-cSES veterans had higher PEF than similar non-veterans [β = 81.9 L/min; 95% CI: (25.2, 138.5); p = 0.005], resulting in smaller socio-economic disparities among veterans compared to non-veterans [difference in disparities: β = −85.0 L/min; 95% CI: (−147.9, −22.2); p = 0.008]. Discussion: Korean War era military service appears to disproportionately benefit low-cSES veteran lung functioning, resulting in smaller socio-economic disparities among veterans compared with non-veterans.
INTRODUCTION
There were approximately 18.5 million veterans in the USA in 2016, 1 making military service a common and important social experience. Although typically completed in early adulthood, military service entails major social, behavioral, environmental, socio-economic, and psychological exposures, potentially influencing health for decades after the completion of service 2 . Because today's armed forces draw disproportionately from socially vulnerable groups (e.g., >20% of military service members fathers have less than a high school education compared with <15% in the general population; <70% of military service members come from a dual-parent households, compared to 85% in the general population 3 ), military service could be an important driver of health disparities, either reducing disparities if these exposures are healthpromoting, or exacerbating disparities if these exposures are harmful for long-term health.
Prior work on U.S. military service and health reveals that various aspects of military service affect health in competing or conflicting ways, particularly in terms of smoking initiation and cessation. Compared with non-veterans, Vietnam veterans have elevated smoking rates shortly after the completion of service, 4 but not in the long-term. [4] [5] [6] These discrepant results reflect the complex relationship between military service and health, which appears to change as veterans age, 2, 7 and vary by population subgroup. 5, 8 Analyses of the health of military veterans have often focused on smoking behaviors [4] [5] [6] 9 due to the large and long-term negative effects of smoking on health, 10 as well as the free distribution of cigarettes in service members rations (until 1975) [11] [12] [13] and the continued availability of discounted cigarettes at military installations (assessed in 2013), 14, 15 which may have induced smoking initiation among service memebers. 4, 16 Due to substantial misreporting of smoking by former smokers, 4, 17, 18 rigorous assessment of lung function is important. Lung function (Fig. 1) is strongly influenced by smoking but also highly socially patterned by life-course socioeconomic status (SES), such that individuals with lower SES have worse lung function, on average. 19 Reduced lung function additionally predicts worse functional health, 20,21 survival, [22] [23] [24] [25] [26] cognitive function, and increased risk for stroke, heart disease, 27 and hospitalizations. 28 We might thus expect short-term increases in smoking associated with military service to adversely affect veterans' lung functioning.
U.S. war veterans are also eligible for special social, financial, and healthcare benefits, which may be responsible for higher rates of smoking cessation among veterans. 4, 5 For example, the Korean War GI Bill included (1) an educational subsidy that cut college costs by 39-71%, 29 (2) a low-interest, government-backed loan benefit, (3) unemployment benefits, and (4) mustering out pay. 30 Military service and benefits are associated with increased educational attainment, 8, 29, 31, 32 occupational class, 33, 34 income, [32] [33] [34] and earlier homeownership. 35 These increases in adult SES achieved via military service may offset the harm of smoking on lung function ( Fig. 1) . Specifically, increased educational attainment by veterans may have paid off over the long term by increasing smoking cessation rates. [36] [37] [38] Additionally, increases in education and occupational class may have allowed veterans to reduce their exposure to workplace hazards, such as asbestos 39 or coal mine dust, 40 while increases in income may have allowed veterans to move to neighborhoods with less air pollution, 41 resulting in better lung function.
A key public health question is how these competing exposures affect health disparities. The effects of military service may depend on the SES of the individual prior to service. Previous work has shown that socially vulnerable subgroups may disproportionately benefit from military service and benefits, 33, 34, 42, 43 potentially leading to a reduction in health disparities.
In this paper, we investigate the long-term effect of Korean War era military service on measured lung function. We advance the literature in two distinct ways. First, we examine the longterm effect of military service on lung function, which to our knowledge, has not been examined previously compared to a non-veteran control group. Second, we test for effect modification by childhood SES (cSES), to determine if lung function disparities changed as a result of Korean War era military service.
MATERIALS AND METHODS

Sample
Data come from the Health and Retirement Study, an observational, longitudinal sample of non-institutionalized persons, and their spouses, 50+ years, living in the USA, and born before 1959. Participants are interviewed approximately every 2 yr; every 6 yr a new cohort of individuals aged 50-55 yr is added to maintain a "steady state" sample. 44, 45 These analyses were restricted to U.S.-born men who served in the military during the Korean War and non-veterans (veterans from other time periods were excluded), who were alive in 2010 (N = 6,449) and had data on lung function (the outcome) in 2008 or 2010 (N = 3,908, 60.6%; 545 Korean War veterans and 3,363 non-veterans included in matching procedure). We used coarsened exact matching (CEM, detailed below) as our main analytic technique because supplemental analyses show CEM produced better covariate balance compared to the other analytic approaches evaluated (Supplementary Appendix, Section I, Table II ). CEM matches exposed and unexposed individuals together on the measured confounders, and "prunes" non-matches from the analytic data set by giving them a weight of 0. The resulting matched analytic sample contained 398 men total, 203 veterans and 195 matched nonveterans.
Exposure U.S. military service during the Korean War era (1950) (1951) (1952) (1953) (1954) .
Outcome Lung function was operationalized as peak expiratory flow (PEF), a measure of obstructive lung disease that is assessed more accurately among older adults with cognitive impairment than forced expiratory volume. [46] [47] [48] [49] PEF is associated with stroke, heart disease, functional limitations, cognitive function, 27 hospitalizations, 28 and increased mortality among both smokers and non-smokers. 50 PEF was measured with a Mini-Wright Peak Flow meter for a random 41.1% of the sample in 2008 and 58.9% in 2010. Higher measures reflect better lung function, however, the validity of the measure depends on participant's effort. 51 Three measurements were taken 30 s apart, and the top two were averaged as this operationalization was most predictive of death by 2014. Given that the average age of included respondents was 78 yr in 2010, we used outcome data from 2008 and 2010 rather than more recent waves of data collection to minimize bias due to selective survival.
Effect Modification
Childhood SES was evaluated as an effect modifier, and operationalized as years of maternal education. We used mother's educational attainment because prior work has found that mother's education is more predictive of adult outcomes than father's education. 52 We additionally found that mother's education was more predictive of respondent's educational FIGURE 1. Graphical depiction of several possible pathways via which military service may influence later life lung function. The wide availability of free and discounted cigarettes, coupled with the stress military life, may have induced smoking among service members, which, in turn, may reduce lung function. Military service is also associated with higher educational attainment and occupational class both of which are associated with increased smoking cessation. The net effect of these offsetting pathways on lung function is unclear. attainment, a key hypothesized mediator for these analyses, than father's education (analysis not displayed). We classified high cSES as ≥8 yr of education and low cSES as <8 yr or unknown maternal education. This dichotomization point was used because data were recorded dichotomized at 8 for a subset of respondents, 53 however, given that mothers of Korean War veterans were likely born before 1920, when less than half the U.S. population enrolled in high school, 54 we believe this dichotomization point is relevant for these birth cohorts. Individuals with missing information on parental education were thought to have a distinct family structure (e.g., grew up in a single-parent household 55 ) and were therefore included in the low-cSES group, similar to other HRS researches examining childhood SES. 56 We conducted sensitivity analyses evaluating cSES operationalized as paternal education (Supplementary Appendix, Section II, Table I ).
Covariates/Matching Variables
We matched veterans to non-veterans on birth year, race / ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, and Other Race), cSES (detailed above), self-reported childhood health (excellent, very good, good, fair, poor), youth disability (yes/no), parental smoking (yes/no), childhood smoking (yes/no), and self-reported height in 2010 (as an additional control for childhood social and nutritional factors, median dichotomized). To account for selection into military service, we also matched on common reasons for rejection from military service in World War II 57 : childhood (before age 16) difficulty seeing, learning difficulties, heart trouble, ear problems, psychiatric problems, and depression. Because we matched on coarsened height, we included continuous height in regression models 58 , along with a missing indicator as 0.05% men were missing height data. We did not adjust for smoking status in adulthood because we conceptualized it as a mediator of the relationship between military service and lung function ( Fig. 1) ; adjusting for mediators may bias estimates. 59 
Analysis
To implement CEM, veterans and non-veterans were exactly matched on the multivariate distribution of the matching covariates (except for height, which was dichotomized), and weighted. Non-matches were given a weight of 0, treated units were given a weight of 1, and control units were weighted to equal the number of treated units in the stratum, normalized to the number of observations in the matched sample. 60 We then used linear regression in the matched and weighted analytic sample to estimate the local sample average treatment effect among the treated ("local SATT"). We ran two analytic models; our first model estimated the overall effect of Korean War era military service on pulmonary function and included the exposure, continuous height as it was coarsened before matching, 58, 61 and a height missing indicator. Our second analytic model tested to see if disparities changed as a result of military service and, therefore, additionally included the main effect for cSES and a military service by cSES interaction term. To ensure our estimates (1) came from data with good common support and (2) were robust to different analytic techniques, we conducted supplemental analyses using propensity score matching and linear regression to adjust for confounding, and performed several assessments of common support. We used CEM as our main analytic approach because our supplemental analyses show the CEM matching procedure produced better covariate balance than other analytic approaches evaluated (Supplementary Appendix, Section I, Table II ). We additionally conducted sensitivity and supplemental analyses to assess the robustness of our results, and control for potential residual confounding by pre-service SES (Supplementary Appendix, Section II, Tables I-IV) .
RESULTS
As expected with the CEM matching procedure, all matching covariates were equally distributed between the exposed group (veterans) and the unexposed group (non-veterans) in the analytic sample (Table I) . On average, men included in these analyses were 78 yr old and overwhelmingly Non-Hispanic White (96%). More than 80% of veterans and nonveterans mothers' completed 8 or more years of schooling, and more than 20% started smoking before age 16.
While there was no relationship between Korean War era military service and lung function overall (β = 12.8 L/min; 95% confidence interval (CI): −11.9, 37.5; p = 0.310) ( Fig. 2A) , the pooled results mask interesting subgroup effects. Interaction results show that the effect of military service varied by cSES (p = 0.008 for interaction), such that veterans from low-cSES backgrounds had better lung function than comparable non-veterans [β = 81.9 L/min; 95% CI: (25.2, 138.5); p = 0.005], while veterans from high cSES backgrounds had equivalent lung function as similar nonveterans [β = −3.2 L/min; 95% CI: (−30.3, 24.0); p = 0.820]. This differential effect of military service by cSES resulted in smaller socio-economic disparities among veterans compared with non-veterans [difference in disparities β = −85.0 L/min; 95% CI: (−147.9, −22.2); p = 0.008] (Fig. 2B) . Results were substantively similar when cSES was operationalized by father's education, and after additional adjustment for pre-service SES (Supplementary Appendix, Section II, Tables I-IV) .
DISCUSSION
These analyses examine the long-term consequences of military service on pulmonary function in a community sample of older adults. Despite substantial targeting of the armed forces by the tobacco industry for decades, [11] [12] [13] [14] [15] we found no overall relationship between Korean War era military service and lung function among older adults. However, the overall results masked interesting subgroup effects by cSES. Our results suggest veterans from low-cSES backgrounds disproportionately benefited from Korean War era military service and benefits, resulting in an apparent reduction in socioeconomic disparities in lung function among veterans compared to non-veterans.
Our finding that Korean War era military service did not adversely affect lung function advances the literature on the long-term health effects of military service. While our results are consistent with prior work showing no long-term differences between veterans and non-veterans on smoking behaviors, [4] [5] [6] or mortality, 62 we examined lung function, an objectively measured intermediate health outcome that is a downstream consequence of smoking, but precedes mortality. Similar conclusions on the long-term effect of military service on smoking, lung function, and mortality (which were examined in different data sets using different methodological approaches), bolsters confidence in all three conclusions.
These findings of no long-term effect of military service on smoking behaviors, 4-6 lung function, or mortality 62 are somewhat surprising given that the tobacco industry has targeted the military since World War I, 63 and cigarettes were freely distributed as rations until 1975, 11, 13 well after the Korean War ended. The tobacco industry targeted the armed forces, at least in part, for the opportunity to attract people who fit a socio-demographic and cultural profile the industry believed would be beneficial to sales 13 at an age near the typical age of smoking initiation. 11 This targeting appears to have been successful, with many smokers reporting initiation after joining the military. 4, 16 However, among Vietnam War veterans, the increase in smoking prevalence among service members does not appear to persist for long after service ends 4-6 (although, veterans overall have a higher smoking prevalence than nonveterans 64 ). Our results suggest that Korean War veteran lung functioning was not adversely affected by this suspected shortterm increase in smoking prevalence.
Our finding suggesting men from low-cSES backgrounds may have disproportionately benefited from military service advances the literature on the effects of military service among socially vulnerable groups by examining an objectively measured health outcome, lung function (prior work focused on economic, 8, 33, 34, 43 or self-reported health outcomes 42 ). We hypothesize several potential pathways from military service to improved lung function through higher SES in adulthood (Fig. 1) . First, military service may have provided a "bridging environment" for men from disadvantaged backgrounds, teaching them now to navigate bureaucracies, adhere to institutional norms and rules, or develop other soft skills that improved subsequent labor market outcomes. 33 Second, military service may lead directly to higher educational attainment or occupational status through serving as a "screening device" to schools and employers, by signaling dedication and resilience. 43 Finally, military service may have led indirectly to higher adult SES through the GI Bill benefits, which provided numerous economic benefits including a substantial education subsidy (the Korean War GI Bill reduced college costs by an estimated 39-71% 29 ), resulting in higher educational attainment, 29, 31, 65 and better occupational outcomes. 34 Higher educational attainment may have been especially advantageous for men who grew up in low-cSES families, leading to higher likelihood of smoking cessation, and, thereby, improved lung function. Additionally, higher occupational status may have led to exposure to fewer workplace hazards, such as asbestos 39 or coal mine dust, 40 while higher income and education may lead veterans to live in higher SES neighborhoods with less air pollution, 41 all benefiting lung function. This evidence is encouraging for the potential to remediate health disparities with interventions on adults, and points to the potential specific relevance of late a We did not match on ever smoking, but included this distribution in Table I because smoking is a leading cause of reduced lung function, our primary outcome. We did not match on ever smoking because it is a hypothesized mediator of the relationship between military service and lung function (i.e., smoking may be induced by military service); controlling for mediators can lead to biased estimates of the effect of interest. We did, however, match on parental and childhood (before age 16) smoking because both preceded military service. The proportions of veterans who were ever smokers in our sample (65%) and non-veterans who were ever smokers (60%) are similar to previous reports for Vietnam veterans using National Health Interview Survey data from 1978-1980 (65% of veterans, 59% of non-veterans 4 ). The values presented in Table I are weighted to represent the analytic sample produced by the CEM matching procedure. Because CEM matches exposed (veterans) and unexposed (non-veterans) individuals based on the multivariate distribution of the matching covariates, the matching covariates are equally distributed in the analytic sample.
adolescence and early adulthood, the years when veterans typically complete military service. Some important limitations with these analyses should be acknowledged. First, because the Health and Retirement Study is not designed to be representative of veterans, and due to the method we implemented, coarsened exact matching (CEM), these results may not be generalizable. The CEM analyses include only veterans and non-veterans for whom good matches on the measured covariates can be identified. As a result, these results may not generalize other Korean War veterans. Similar to a randomized trial with stringent inclusion criteria, CEM produces a selected analytic sample that balances confounders between the exposed and unexposed groups (e.g., in Table I , the distributions of all measured confounders is similar among veterans and non-veterans), improving internal validity, but potentially limiting generalizability (or external validity). 58 Second, our results may be affected by selective survival such that veteran smokers died before 2010 (surviving to 2010 was an inclusion criteria for our study), leaving the remaining veterans disproportionally healthy, and biasing our results away from the null; however, given that prior analyses found no difference in mortality between Vietnam War veterans and non-veterans (using data from 2002), 62 we expect this potential bias to be small. Third, residual confounding is a possibility in this observational study. Because service members need to be physically and mentally fit before joining the armed forces, 57 insufficient control for selection into the military may bias results away from the null. 67 Specifically, we were unable to assess or control for pre-service differences in lung functioning; it is possible that the observed association between military service and lung functioning among veterans from low-cSES backgrounds is partially or entirely due to preservices differences in health. For this reason, we interpret our findings as associational, not causal. To control for confounding we matched on common reasons for rejection for military service in WWII, conducted numerous rigorous assessments of common support (Supplementary Appendix, Section I, Tables I  and II) , and conducted sensitivity and supplemental analyses to assess the robustness of our results and control for potential residual confounding by pre-service SES (Supplementary Appendix, Section II, Tables I-IV) . Despite these limitations, this paper is first, to our knowledge, to explore the long-term effects of U.S. military service on lung function using a nonveteran control group, and is therefore an important contribution to the literature.
While these findings have implications for more recent service members, our findings may not generalize to this population for a few reasons. First, the Korean War occurred in a different historical time, and the experiences of both veterans and non-veterans are different today than they were in the 1950s. For example, in recent years the prevalence of chronic obstructive pulmonary disease and asthma has been increasing in the VA population, potentially due to deploymentrelated exposures from the wars in Afghanistan and Iraq. 68 Second, the Korean War GI Bill is one of the possible mechanisms through which military service impacts lung function, however, the current GI Bill provides far less generous benefits than the Korean War GI Bill. If the current GI Bill were The relationship between military service and lung function on average and in low-and high-cSES subgroups. In pooled analysis, there was no effect of military service on lung function (β = 12.8; 95% CI: −12,1, 37.7; p = 0.314), however, the average effect covers up interesting subgroup effects by cSES. Figure 2B shows that socio-economic disparities in lung function among non-veterans are, on average, 88 L/min, while the socio-economic disparity among veterans are 3 L/min; the reduction in socio-economic disparities for veterans compared with non-veterans is 85.0 L/min (95% CI: −147.9, −22.2; p = 0.008). Prior work has found that, among men over 50, PEF fell about 4 L/min each year 66 strengthened to provide Korean War era level benefits, we may observe a similar reduction in health disparities; however, this hypothesized reduction in disparities is speculative. Given the socio-economic patterning of the contemporary U.S. military, in which individuals from lower socio-economic backgrounds are over-represented (e.g., >20% of service members in the Army and Marine Corps fathers have less than a high school education compared with <15% in the general population 3 ), the current GI Bill may provide a powerful mechanism to alleviate health disparities. The "dose" of behavioral and socio-economic resources delivered in the context of military service is much larger than feasible in even the most ambitious behavioral or social interventions fielded in public health efforts. To the extent that these resources have important health benefits, military service could substantially reduce population health disparities over the long term. Conversely, if the exposures of contemporary military service harm the health of veterans and the benefits provided to veterans are insufficient to offset these exposures, military service may substantially widen population health disparities. These hypotheses should be tested in future research. In this community sample of older adults, we found no longterm pulmonary consequences of Korean War era military service for veterans compared with non-veterans in pooled analysis. Our interaction results suggest that veterans from lower socioeconomic backgrounds may have disproportionately benefited from military service, resulting in a reduction in socio-economic disparities in lung function among veterans compared with non-veterans. Our results suggest there are long-term pulmonary health benefits from military service for men from low-cSES backgrounds, and that health and health disparities are mutable across the life-course.
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